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What is ………?

Radioisotope

Radiotracer

Radiopharmaceutical

Half time

Effective half time



segre diagram 



Units of radioactivity 

 becquerel (Bq)

 curie (symbol Ci) 

equal to one reciprocal second

1 Ci = 3.7 × 10 Bq = 37 GBq
10

https://en.wikipedia.org/wiki/Becquerel


Radioisotope production ways:

Reactor

Cyclotron

generator



Radioisotope decay:

 Alpha

 Beta

 Gamma ray

 positron



kinds of radiopharmaceutical :

 Diagnostic  (gamma)

 Therapy  (alpha , beta, auger)



Therapeutic radiopharmaceuticals:

 Electron auge:

125I

 Alpha emitters:

212Bi  ,   212At  ,   223Ra



Beta emitters:

 131I , 131I-MIBG (iodine-131-meta-iodobenzylguanidine)

 32P

 90Y

 90Sr

 198Au

 89Sr

 186/188Re

 177Lu

 153Sm



Diagnostic radiopharmaceuticals

 123I

 67Ga

 201Ti

 99mTc

 Positron emitters( PET based radiotracers)



99mTc generator



bone 99mTc-Radiopharmaceuticals 

MDP + SnCl2 + 99mTcO4-



Renal 99mTc-Radiopharmaceuticals 

 1: Glomerular filtration rate  (GFR)

 99mTc-DTPA (diethylenetriaminepentaacetic acid)

DTPA + SnCl2 + 99mTcO4-



 2: Effective Renal Plasma Flow (ERPF)

 99mTc-MAG3 (mercaptoacetyltriglycine) ,  131I-OIH

 99mTc-EC (Ethylenedicysteine)



3: morphology

 1: 99mTc-Glucoheptonate 

(GFR / morphology)

 2: 99mTc-DMSA (Dimercaptosuccinic acid)



99mTc-GHA



Liver 99mTc-Radiopharmaceuticals



Lung 99mTc-Radiopharmaceuticals

perfusion
 Particle including size 20-40 micron

 99mTc-Macroaggregated Albumin (10-45)

ventilation
133Xe

81mKr

99mTc-DTPA-Aerosol



brain 99mTc-Radiopharmaceuticals

 1: 99mTc-HMPAO (exametazime)



 2:99mTc-ECD (ethyl cysteinate dimer)



Heart 99mTc-Radiopharmaceuticals

 99mTc-MIBI (methoxyisobutyl isonitrile)



RBC radiolabeling methods

 1: in vitro

 2: in vivo



RBC labeling with 99mTc

 1: ejection fraction 

 2: Vascular malformations and internal bleeding

 3: Spleen scan

 TcO4- +   (Sn+2   ,    RBC)  =  RBC*



 3: invivitro:

 4: New invitro:



Radiolabeling of WBC

1: infection

99mTc-HMPAO



99mTc-ubiquicidin





Electron–positron annihilation

 Electron–positron annihilation occurs when an electron (e−) 

and a positron (e+, the electron's antiparticle) collide. The 

result of the collision is the annihilation of the electron and 

positron, and the creation of gamma ray photons or, at higher 

energies, other particles:





Positron-Emitting Radionuclides

Isotope Halflife fraction Max. Energy range(mm) production

C–11 20.4 mins 0.99 0.96 MeV 0.4 mm cyclotron

N–13 9.96 mins 1.00 1.20 MeV 0.7 mm cyclotron

O–15 123 secs 1.00 1.74 MeV 1.1 mm cyclotron

F–18 110 mins 0.97 0.63 MeV 0.3 mm cyclotron

Cu–62 9.74 mins 0.98 2.93 MeV 2.7 mm generator 

Cu-64 12.7 hours 0.19 0.65 MeV 0.3 mm cyclotron

Ga–68 68.3 mins 0.88 1.83 MeV 1.2 mm generator

Br-76 16.1 hours 1.00 1.90 MeV 1.2 mm cyclotron

Rb–82 78 secs 0.96 3.15 MeV 2.8 mm generator

I–124 4.18 days 0.22 1.50 MeV 0.9 mm cyclotron



18F is the most important

 1: Low positron energy (0.64 MeV) with a short range in tissue (Max. 2.4 
mm)

 2: Can be produced in high specific activity

 3: Fluorine is the most electronegative of all elementsand can react with 
many organic and inorganic chemicals.

 4: It can react as an electrophile or a neucleophile chemical specie.

 5:Relatively high labeling yields (20–70%) in the synthesis of 18F-PET 
tracers

 7: Acceptable radiation dosimetry for multiple studies in a patient

 8:The physical T½ (110 min) allows for the transport from the production 
site to the PET centers



18F labeled PET radiopharmaceuticals of 

clinical interest



Synthesis of 

Following production of 18F in the cyclotron, the

target water ([18O]H2O), containing several curies

of [18F]fl uoride ion, is trapped on a small column

of anion exchange resin

The [18F]fluoride ion is eluted into a reaction vial

using a solution of aqueous base, potassium carbonate

(K2CO3), and Kryptofix 222 in acetonitrile. Some procedures 

substitute Kryptofix with either tetramethyl ammonium 

carbonate or tetrabutyl ammonium bicarbonate or hydroxide.






